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NATIOYALADVISCRYC- F(X AERONAUTICS 

WIND-TlJKEG INVESTIGATION AT MACH NUMBERS OF 

2.0 AND 2.9 OF SEVERALCOllFIGQRATIONS OF 

A SUPERSONIC RAM-JET TEST TIEHIm 

By J. Richard Spahr and Robert A. Robinson 

Wind--tunnel t8sts were conducted at Mach numbers of 2.0 and 2.9 to 
investigate the aercdyrmxic.chexacteCistice of several configurations of 
a supersonic ram-jet test vehicle. Three low-aspect-ratio wing configu- 
rations, with the r-jet engine located forward and below the wing, were 
tested in pitch at a Mach number of 2.0. These configurations consisted 
of a rectangular wing between two bodies with triangular tail surfaces, 
a P" swepack untapered wing betwee& two bodies and tail surfaces 
identical to those for the ret w--wing configuration, and a *ian- 
gular wing with 720 leading-edge sweepback in combfnation with a central 
body having a triangular vertical fin. Tests of a fourth model, a 
triangular+ing conffguraticm similar to the third configuration but with 
the engine above and to the rear of the wing, were p8rformed in both 
pitch and BideSlip at Mach numbers Of 2.0 and 2.9. Force t8Bt6 Of the 
rank-jet engine and of the engine-stru%bcxIy cmibination for thils config- 
uration were aleo made in pitch at these two Mach rnmibere. 

, 
It W&B found that of the various configurations tested the triangulaq: 

Wing arrangement exhibited th8 b8Bt lift-drag ratio throughout the oper- 
sting lift-coefficient range. Relocation of the ram--jet engine from the 
front to the rear of the triangular--wfng configuration, a6 required by 

\, 

dynamicJatera&stability considerations, resulted in a slight adverse 
effect on the lift-drag ratio. 

All the configurations investigated were longittiinally stable with 
respect to the 25-percent point of the mean aerodynamic chord. The COR- 
figuration with the engine at the rear wan found to be directionally 
stable at a Mach number of 2.0 but exhibited a sligh5 negative dihedral 
effect, despite the relatively large gecxuetric.dihedral (15O). 

. 
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Values for the theoretical lift and pitching-moment characteristics 
dC& and dC,/dk Of th8 four Configurati0rt.s have be8R Computed through - 
the use of linear-theories, and comparisons with the corresponding experl- It 
mental results are presented. The experimental and theoretical results are 
in close agreement in those cases for which the effects of viscosity and of 
interference between the engine-inlet and wing-body flow fields'are expected 
to be small. 

St&ti.C~resSu??e surveys Of the flow field above the body alone indi- 
cated that flow conditions at the position of the inlet of the rearward 
located engine were very close to free4tr8am conditions at Mach numbers 
of 2.0 and 2.9 and at angles of attack of O" and 5O. 

IN'I33ODUCTION 

An increasing need exists for information on the performance char- 
acteristics of supersonic ra*jet propulsion systems aer full-scale 
operating conditions. One me&I1B for obtaining such information is through 
the use of a flight--test vehicle propelled by the test engine itself. 
An aircraft deBigned specifically for this purpose and designated as the 
A-l supersonic ram-jet test vehicle is currently under development for 
the U. S. Air Force by the Lockheed Aircraft Corporation. This test 
vehicle is designed to operate at relatively low lift coefficients over 
a range of Mach numbers from 1.7 to 3.0 tind at altitudes between 888 
level and 0C,CCO feet. The optimum configuration for such a test vehicle 
is one which would give the best flight endurance at th8S8 operating 
conditionB. Since endurance fs a function of the ratio of lift to drag 
at a given gross wefght, the optimum configuration would poes8ss the best 
lift-drag ratio over the operating range of lift coefficients. Other 
necessary requirements for an acceptable'ccllfiguration are that it 
exhibit static and dynamic longitudinal and lateral stability and that 

* sufficient longftudinal control be available to effect trim at all test 
conditions. 

Three preliminary configurations for a ram-jet test vehicle were 
developed, each having a low-aspect-ratio wing of different plan form. 
The ?xubjetengine was mounted ona strut below and at the front of the 
test V8hiole so that the engine inlet would operate at fre-tream co23r 
ditions. Them three configurations (figs. 1 to 3 and table I) consisted 
of (1) a rectanguhr wing between two bodies with triangular horizontal 
and vertical tail surfaces, (2) a p" swept-back unta ered wing between 
two bodies and tail surfaces identical to those of (1 P and (3) a trlangw 
lar wing with 72' leadwdge sweepback:in conibinatio; with a single b&y 4 
hating a triangular vertical fin. T8Sts:were conducted in the Ame8 I- by 
j-foot supersonic wind tunnel No. 2 at a.Bch number of 2.0 for the primary 
purpose of provfding data from which thelb8st.of these three c.onfig'ura- 

, 

tions could be selected. 
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subsequent theoretic&land experiment&l etudies conducted by the 
Iocldmed Aircraft Corporation indicated that the triarg&ax=w a3 confie 
uration would exhibit unsatisfactory lateral dynamicdtabflity charact8r- 
ietics. Consequently, a fourth configuration (fig. &and table I)wae 
evolved by a relocation of the -Jet engine to the rear and above the 
test vehicle in an attempt to improve these dynamic-&ability chazacter- 
istics. This configuration was teated in the 1- by Woot wind tunn8l at 
M%h n&era of 2.0 and 2.9 to determine the aerodynamic characteristic8 
of the model and its components in pitch and the characterietios of the 
complete configuration in eideelip. Since the engine inletforthe fourth 
configuration was located within the velocity field of the bw, pressure 
eurveye in the vicinity of the inlet location were conducted at two angles 
of attack and. at both Bch numbers to determine the deviation of the inl8t 
conditions from thorn existing in the free stream. 

These teste wer8 perfoqd at the request of the Air Materiel COIIREUK%, 
U. S. Air Force. 

All force6 and moments are referred to wind ax88 with th8 origin at 
the mount reference point. (See table II for directions of forces and 
mom3nt6, and 886 figa. 1 to 4 for looation of moment reference point.) 

b wing *pan 

c wing chord parallel to plane of egmmetry 

c lnean aerodynamic chord 

%I drag coefficient 

&D rise in drag coefficient above minimum 

c?min 
minimum dxag coefficient 

% rollmnt coefficient ( rolling mom3nt 

sa > 

% lift coefficient lift 
( > qs - 

cm pitching-monrent coefficient 
> 

cn yawing-momsnt coaffic$eIlt 
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cY side-f orc8 coefficient 
> 

M Mach number 

P local static pressure 

PO fr8MiXm 5titic pressure 

P pressure coefficient F+ 
( > 

9 dynamic pressure 

R Reynolds nmb8r based on mean aerodynamic chord 

S total wing area (formed by th8 leading and trailing edges extended 
to the body center lines) 

=>y,= longittiinal, lateral, and normal coordinates with the x axis 
COrl-8f3pOIldi~ t0 the Wine; Center 1ill8 

a angle of attack 

B angle of sideslip 

8 elevou deflection 

Ejubscripts 

IF0 value of zero lift 

av average value 

Wind Tunnel and Ralance 

The investigation was conducted in the Ames l-by +foot supersonic 
wind tunnel Bo. 2, which is an intermitten~eration, noreturn, variable- 
preseure wind tunn81. The compressed-air supply fs obta5ned frm the 
Ames 12-foot pressure wind tunnel and is,expEtnded through the l-by 3-foot 
tunnel to atmospheric pressure. The total-preeeure level, and h8nC8 the 
R8yIIOldS rmniber, is c.ontrolled by means of a throttling valve. The l- 
by j-foot wind tumel is equipped with &-Variable Mach number nozzle with 

A 
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a rectangular test section 1 foot Wide by approximately 3 feet high. The 
Mach number can be varied frcuu about 1.2 to 3.4 by changing the shap8 of 
the flexible St881 plates which form the upp8r and lower walls of the 
nozzle. 

The strain+gage balance aIld other inetrumentation used in these testa 
were essentially the same as those 8mploy8d in the Ames l-by 3-Poet super- 
sonic wind tunnel Ho. 1. (Bee reference 1.) Ih the present investigaticq 
pitching or yawing mnments w8re measured by m8ans of strain gages mounted 
onthe model supporting sting. Strain gages were also incorporated in the 
balance for the measurament of the rolling mcment about the balance axis. 
A drawing of the strain-gage balance and model support is given in figure 3. 

Moaels and supports 

The four different configurations employed in the investigation are 
designated as fOllOW6: 

confi~aticm I - BeCtarl@ar Wing b8tW88X.L two bodies with +Xiang-tL- 
lar horizontal and vertical tail surfaces and havi 

T 
the ram--jet engin 

located below and at the front of the model (fig. 1 . 

Configuration II -A 72' swep+back untapered wing between two bodies 
w&th tail surfaces identical to those of configuration 1 and having th8. 
r-jet engine located below and at the front Of the model (fig. 2). 

Configuration III -Triangi&U wing with 72O leading4ge sweepback 
in combination wlti a single body and hating the ram--jet engine locat& 
below and at the front of the model (fig. 3). 

Confinuration IV -Triangular ving with 72” leading-edge Sw88pbaCk 
incOmbi~ti.Onwitha ~fnglebadyandhavingthe r-jet engine located 
abOV8 and at the rear Of th8 mOdel'(fig. 4). 

Th8 geOm8triC characteristics of the four ctiigurations aYf8 tab+ 
hted in table I. All wing and tail SUrfaCe were Of biCOnV8X S8CtiOL 
Thetriengu!araings of configurations SIIand IV incorporated constant- 
chord, fulldpan, trailing-edge control surfaces for longitudinal and 
lateral control. DefleCtiOn of these CO&rOlS on the model was obtained 
by bending the surfaces along an undercut m both usp8r and lower sur- 
faces at the hing8-line lotion. After th8 CUIItrOl 6uJFfaC8S were blent 
in a jig t0 th8 desire-1 deflectfan, th8 grOOV8S We?33 filled With Soft 
solder to provide a fairing along the hinge line. 

The ram--jet engine model (fig. 6) used with all four configurations 
prOVi&ed for internal flow thrOUgh the engin a;ld incorporated an aIIESlar 
nose inlet with an external double-shock diffuser. The cross-sectional 
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area of th8 duct through th8 angFne'incre&3ed from the minimum at the 
inlet to a maximum value within the engine, followed by a decrease to 
a seconl throat near the exit. The distribution of area, through the 
duct relative to the inlet area is shown in figure 6(b). The ratio of 
the exit-throat area to th8 inlet area was 1.31 for all tests. 

All the models were supported on a sting connected to the rear of 
the engine inner body, a8 shown in figures 5 and 7. For the pitch tests 
the models were mounted in an inverted position (fig. 7(a)), and for the 
sideslip tests with the plane of the Wing~VertiCal (fig. 7(b)). The 
sting support was shielded from aerodynamic forces by a shroud that 
extended to within a Slnall di&LnC8 from the engine base. static- 
pressure orifices in the sting adjacent to the base of the inner body 
p8rmitted the measurement of the pr8ssur8-acting on the base. 

The body of revolution used in the pressure-survey tests was similar 
to that for configurations III and IV but was of slightly greater fineness 
ratio. Dimensions of the model are given in-figure 8(a). Pressure ori- 
fiCeS were located longitudinally along the upper SW?faC8.Of th8 model 
in the vertical plane of symmetry for the measurement of the surface 
pr8ssures. Th8 pr8ssure-surveg apparatus used in the measurement Of the 
static pressure abOV8 the model surface consisted of a static~ressure 
probe, sting supported on a traversing device, which could be moved in 
a vertical plane in directions either parallel or normal to the model 
axis. The static-;presSure probe was a slender cylindrical body with a 
pointed nose and having the orifice holes located near the base of the 
probe Where the static pressure is theoretically very nearly equal to 
the free-stream pressure. A photograph of the model, with the Survey 
probe installed on the traversing deViC8, .is shown in figure 8(b). 

TESTS Am METEODS . 

Force Tests 

In the first phase of the investigation, configurations I, II, and 
III vere tested in pitch with control surfaces neutral at a Mach number 
of 2.0. Lift, drag, and pitching moment were measured through anangle- 
of-attack range of approximately Go to +6O. In the second phase, simi- 
lar tests of configuration IV, of the engine alone, and of the engine, 
strut, and body were each performed in pitch at Mach nUmb8rS of 2.0 
and 2.9. An additional run with the ccmplete configuratian having the 
control surfaces deflected about 1.5O was also Inad8 at a Mach number of 
2.9. Tests of the model at Mach numbers of both 2.0 and 2.9 with the 
control surfaces deflected to several angles up to loo were also planned. 
Edw8V8r, such tests were precltlded a8 the result of a model-support. 
failure and the consequent model destruction. Tests of configuration m 
were conducted in sideslip at a Mach number of 2.0. For these tests, 
side force, drag, yawiw moment, and rolling mcment were measured through 
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an angle range Of about a0 t0 +6O. 

l . The average R8yuOldS nllIpb8r per foot for these tests was 10.4 ani 

13.9 x 106, corresponding to Mach numbers of 2.0 and 2.9, respectively. 
The angle of inclination of the model relative to horizontal was deter- 
mind in all cases from the balance-angle setting, the measured forces 
and moments, and a predetermin8d spring constant forthebalance system. 
The Co&rOl+E?faC8 deflections were determined from direct optical meas- 
urements obtain8d during testing. 

LongituYLnal static~r8ssur8 surveys were conducted at three loca- 
tions above the body in the V8rtiCS.l plan8 Of SymIU8try, at angle6 Of 
attack of O" and 5O, and at Mach nrmibers of 2.0 and 2.9. In addition, 
pressures vere obtain8d slang the body surface for these conditions. 

Method of Analysis 

All th8 drag data haV8 been reduced to COrr8SpOnd to a common pres- 
sure on the base of the engine inn8r body equal to the free+tream static 
pressure, . Thus, these data represent the difference between th8 total 
dragandthe baS8 drag. MO attempt Was mad8 to 8ValU3te the Dlagnitud8 
of the internal drag of the engine as a&urate m8asumments were not 
possible. The increment of drag due to internal flow through the 8ngine 
would be expected to be essentia~y the same for all Configurations 
tested at a givenMach nImib8r. Themeasur8ddragwas notcorrectedfor 
the effects Of the lOIIgitudf?U%l Static--pr886uT?e gradient6 iR th8 wind 
tunnel since the68 effects were found to be R8aigibl8. The local flow 
inclinations (stream angle) of the wind--tunnel stream with respect to 
horizontal were taken into account, and all angledfdttack and sideslip- 
angle meEtSUrem8ntS haV8 been COZTeCt8d for this 8ff8Ct. The modelangle 
of attack (or sideslip) was taken as the algebraic sum of the average 
Stream angle alOng the mod81 and the model inclination relative t0 hori- 
zontal. Withth8models supportedatthe rear of the euqine unit, con- 
figurations I, II, and III were suI3jected to pOSSibl8 sugport-hnterfer- 
ence effects due to the forward location of the en&n8 relative to th8 
other components. Bo evaluation of the support interference was made 
as it 16 belfeved that the 8ff8Ct was Small. 

The static pressures measured 3.n the body=pressur8+3urv8y test6 
have been corrected by the method of superposition for the longitudinal 
variations of fr8eGsiZXam static pressure in the wfnd tunnel. 
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Precision of Results 

EACA RI4 A5CC20 

The accuracy of the experimental results was det8rmined as the square 
root of the sum of the squares of the component errors due to the uncer- 
tainty in each measurement. The following values were obtained for the 
uncertainty of the force and moment coefficients at a lift (or side forcej 
coefficient of approximately 0.10: 

gL 22 f0.001 

c 
n f.002 

Lt.0002 
CD f.OO1 

The uncertainty of the angle-of-attack or angle-of--sideslip measur8- 
ment is fO.lOO. The control deflection was mea~ur8d within f0.15', but 
varied f0.40' with changes in the model angle of attack. The free-stream 
Mach nuuiber is tiown within f0.002, but varied over the length of the 
model by a maximum of 90.03 at I4 = 2.0 and kO.05 at M = 2.9. The 
Reynolds number peg foot for the inv8stigation varied during a test run 
by about 0.78 X 10 at both Mach numbers due to the decrease in the wind- 
tunnel Stagnation temperature. 

RESULTS 

The experimental results for configurations I, II, and III at a Mach 
number of 2.0 are presanted in figure 9 in terms of lift, pitching-mament, 
and drag coefficients aS fun&MM of angle of attack. Figure 10 shows 
the variation of liftdrag ratio with lift coefficient. The corresponding 
results for configuration IV at Hach numbers of 2.0 and 2.9, ir~cltiing 
those for th8 r-jet engine and th8 8ngine4trUt-body ccmbination,are 
given in figures 11, l!Z,and 13. All the force and moment coefficients 
for the model components (figs. lland l2)arebased onthewingareaasd 
mean aerodynamic chord of configuration Iv, and the pitching-moment 
results are referred to the moment reference point of this configuration 

(fig. 4(d)) l It Should also be noted that all the aerodynsmic coeffi- 
cients for configurationf3 III and IV are based on a wing ar8a approxi- 
mately 20 percent greater than that for configurations I and II (see 
table I); hence, in any comparieon of the results between the various 
configurationrr, this difference should be- k%k8R into account. The 
results for configuration IV with deflected control8 are also given in 
figure 12. Schlieren photographs of tie engine-inlet flow field at two 
angles of attack and both Mach nlrmb8rS are shown in figures 14 and 15. 
Th8 results for configuration IV in sideslip at a Mach number of 2.0 
are present8d in figure 16 in terms of side-fOrC8, yawing+som8nt, rolling- 
moment, and drag co8fficiente as functions of angle of sideslip. 
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A smry Of the results IS given in table II in t8rmS Of the SlOpeB aI3i 
intercepts of the experimental curves. 

Th8oretical~valu8S for the lift-curve slope dCL/da and the moment- 
CuTV8 slope dCm/dCL were computed for the four complete configurations 
through the uSe of inviscid lin8ar supersonic-flow theories (references 2 
to 8) for wings, bodies, and combinations. For these calculations, experi- 
mental values were used for the engine lift and mom8nt characteristics in 
the abS8nC8 Of an adequate theoretical method. The total lift,-- moment- 
curve SlOpeS were taken as the algebraic sum Of the ValUeS for the camps 
Rents (wings, bodies, tails, and engine) acting alone, with the addition 
of the 8ff8CtB of wing4Kldy interaction Where possible. No 8Stimat86 Of 
the angles of attack for zero lift and moment were possible because of the 
unhmwn iRteraCtiOn effects between the engine and wing-lbody flow fields. 
The theoretical lift and mom8nt curves aregiven in figures 9, 11, and 12. 
For purposes of CC¶pariSOR with the eXperimenta lift- and moment-curve 
slopes the68 curves are drawn through th8 valu8s on the experimental 
curves correspc&ing to zero lift coefficient. The theoretical results 
are summarized with the corresponding experimental values in table II. 

The results for the Survey of the body pressure field are given &n 
figure 17. !l!h8 COrr8SpOnding theoretical pressure distributions at 0 
angle of attack, computed by the Lockheed Aircraft Corporation through 
the uSe of the method of characteristllcs, are shown for comparison. 

DISCTJSSION 

Configurations I, II, and III 

1 

Canf-a mL 
tion (fig: g(aT; h *- 

The results for the rectangulariring configure, 
a W that the lift-curve slope is constant throughout 

- the angle-ofattack range and that a SIllall n8gatiV8 lift COeffiCi8nt 16 
present at zero angle of attack. The pitchingaoment curve iS al60 
linear throughout th8 angle-ofattack range and has a negative slope, 
indicating constant and positive static longitudinal stability relative 
to the 2wercent point of the mean aerodynamic chord. From five g(a) 
and table II, it is not8d that the slopea of these curves dCL/da and 
dC,/dCD are in close agreement with the corresponding th8Or8tiCal results. 

The theoretical lift and mam8nt,characteristics of this configura- 
tion were computed on the assumption that the tw~imen~ional lift dis- 
tribution (reference 2) act6 on the wing extended t0 the body axes. !&8 
basis for this assumption is that the wing-tip bodies would be expected 
to prevent a lerge part of the normal loss in lift at the wing tips. 
&&X?I-iment8.l r8SLlltS Of reference 1 indicated that for wing-bodg ccmbi- 
nationS in which the wing was relatively large in comparison with the 
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body, the portion of the wing-contained within the body was fully effec- 
tive in lift with no apparent loss due to wing&&y interference effects. 
The-theoretical lift- and mom8nt-curv8 slopes for the bodies were 
obtained from the slender4ody theory of-reference 3. The lift and 
moment contributions of the tail surfaces were computed by the method of 
reference 4 On the assumption that the theoretical lift and moment char- 
acteristics for the equiVale& triangular wing are applicable to that 
portion of the tail surfaces within the Mach cone originating at the 
leading edge of the tail4cdy juncture. (See fig. l(d).) The vertical 
fins would be expected to act as end plates and hence would tend to main: 
tain the theoretical load distribution. 

The s11lal1 positive angle of attack for zero lift (fig. g(a)) is 
believed to be principally the result of the mutual .interaction of-the 
flow fields from the engine and inlet with that of the wing-body cambi- 
nations. No theoretical prediction of this effect was possibl8. The , 
agreement between the experimental and theoretical lift and moment 
results indicates that the interference effects among the various com- 
ponents are compensating or are small in terms of the over-all charac- 
teristics of the Configuration. 

Configuration II.- The results for the Bw8pt4ack-wing configura- 
tion (fig. g(b)) h 8 ow that the lift curve-is linear up to an angle of 
attack of about 3’ above which a slight increase in slope occurs. This 
increase may be partially due to the influence of the body and engine 
lift characteristics which previous experimental and theoretical results 
have shown to have an increasing lift-curve slope dC!l;/da with increas- 
ing angles of attack. (S ee reference 5.) The small positiv8 angle of 
attack for zero lift, as in the case of canfiguration I, is presumably 
the result of interaction effects between the flow fields of the model 
components. The pitching-moment curve (fig. g(b)) indicates positive 
static longitudinal stability which increases slightly with increasing 
angle Of attack. It is noted that both the lift- and mOment+urve slopes 
are somewhat less than the corresponding theoretical results. (See 
fig. g(b) and table II.) 

The theoretical lift and moment characteristics of this Configura- 
tion were computed on the assumption that the basic lced distribution 
for a SW8p%baCk wing (reference 6) acts on the wing extended to the 
body axes since the presence of the vertical StabiliZ8rS would be 
expected to prevent to scxne extent the normal loss in lift at the wing 
tips. The theoretical body and horizontal-tail characteristics are the 
same as those previously described for configuratian I, as the geometry 
of these components are the same for the two arrangements. Since the 
outermost portions of the wing and the root sections of the tail sur- 
faces are within the relatively thick boundary layer at the rear of the 
bodies, a reduction in lift in these regions would be expected. As an 
estimate of the possible magnitude of these effects, the portion of the 
wing and tail areas bounded by lines extending rearward from the 18ading 
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edges of the wing- and tail-body junctures were assumed to be blanketed 
by the body boundary layer and hence ineffective in lift. It was found 
that such a reduction in the effective lifting--surface area changes the 
theoretical lift-curve slope dCJdc.c an3 mcmentdurve slope dC,/clC~ 
to 0.034 per degree and -0.22, respectively, which are in closer agree- 
ment with the experimental results. 

Confinuration III.- The results far thetriangular-w-ing configura- 
tion (fig. g(c)) show that the lift curve is linear throughout the angle- 
of-attack range and that a small negative lift coefficient exists at zero 
angle of attack. The pitching+uoment curve indicates positive longitudi- 
nal stability which increases slightly with increasing angle of attack. 
The lift-curve slope dC!I/da and momentiurve slope dCm/dCI are both 
somewhat less than the corresponding theoretical values. (See table II.) 

The theoretical lift and pitchingaoment characteristics for the 
wingaody comblnaticm were computed essentfally by the method of refer- 
ence 7. However, since this theory is applicable only to very slender 
wing--body combinat-lons, it was modified because the assumption of aers 
dynamic slenderness is not suitable for configuration III at a Mach nun+ 
ber of 2.0. The correction factor for the winged portlon of the co&i- 
nation was taken as the ratio of the predictions of reference 4 to those 
of reference 8 at the same value of the ratio of the tangent of the semi- _ 
apex angle to that of the @%h angle. In the application of this method 
to the present case, it was necessary to assume that the body was cylin- 
drical to the wing trailing edge. The differences between the experi- 
mental and theoretical lift- and moment<urve slopes are possibly the 
result of interaction of the flow field from the eng%ne jet and model 
support with that over the model since, for this configuration, a major 
portion of the afng is subjected to this interference. The differences 
between the experimental and theoretical results are in the direction 
indicated by these interference effects. 

Comparison of results.- The lift-curve slope dCI/do for configu- 
ration I is considerably greater than those for configurations II and III, 
as would be expected from the theoretical characteristics of the wing plan 
forms involved. It is also noted that the lift-curve slope of configura- 
tionIIis somewhat greaterthanthatfor configurationIII. Thfs dff- 
ference arises primarily from the presence of the tail surfaces on con- 
figuration II, as these surfaces are not included in the reference wing 
area upon which the lift coefficient is based. In addition, a greater 
increment of lift coefficient 1s contributed by the bodies and engine 
for configurationII than for configuration III due to the total dif- 
ference in body size and to the difference in the reference wing area. 
(See table I.) Other contributing factors for thfs difference in lift- 
curve slope is that for configuration III a greater percentage of the 
wing area is contained within the body and the wing is subject to greater 
lift-reducing boundary-layer effects of the body. 
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For all three configurations, the pitching-moment curves indicate 
positive static longitudinal stability about the 25-percent point of the 
mean aerodynamic chord and the stability for the straight-ving configu- 
ration is considerably greater than that for the swept- a& triangular: 
wing configurations. Thie difference is principally the result of the 
relatively large tail length (distance from centroid of tail surface to 
the moment reference point) of configuration I, in comparison with those 
of configurations II and III. The difference in stability between con- 
figurations II and III, as in the case of the lift-curve slope, is 
essentially due to the presence of tail surfaces on configuration II. 

A comparison of the drag results (fi.g. 9) for the three configura- 
tions shows that the minimum drag coefficient of configuration I is 
greater than that for configuration II. (see table II) as would be 
expected from the theoretical pressure-drag characteristics of the two 
wing plan forms involved. It is also noted that the minimum drag coeffi- 
cient CD 

min 
of configuration III (0.041 based on the wing area of con- 

figuration II) is lower than the corresponding value for configuration 
II. This difference is believed to be primarily due to the smaller wing 
thickness ratio of configuration III (table I) and to a more efficient 
(less drag per unit body volume) volume attainment in one body rather 
than two. The minimum drag coefficient for the wing of configuration II 
would be relatively large for a swept wing as the thickness ratio of the 
wing section normal to the leading edge is approximately 16 percent. 
A further comparison of the drag results shows that the drag due to lift, 
as indicated by the drag-rise factor +I /CL2 9 is the least for config- 
uration I and the greatest for configuration III. (See table Il.) These 
differences are in.qualitative agreement with the theoretical wing char- 
acteristic that the draggise factor LX$/CI~ is an inverse function of 
.the liftdurve slope dCL/da. 

The duration of flight under specified conditions of Mach number 
and altitude is of primary importance in the comparison of the relative 

* merits of the various configurations froma performance standpoint. 
Such a comparison can be made from an examination of the lift-drag ratios 
of three configurations, since the endurance at a given lift coefficient 
and gross weight is a function of the lift4rag ratio. The variation of 
lift-drag ratio with lift coefficient is presented in figure 10 for the 
three configurations. Since these conf'igurations are designed to support 
the same nominal gross'weight, the lift-drag ratios of the three config- 
urations should be compared at lift coefficients about 20 percent lower 
for configuration III than for configurations I and II because of the 
corresponding differences in wing areas. A comparison of the curves of 
figure 10 cm this basis shows that the lift-drag ratios for configuration 
III -throughout its test lift-coefficient range are about 12 percant 
greater than those for configuration Il. This range of lift coefficient 
corresponds essentially to the design operating cmditims. configura- 
tion II exhibits lift-drag values slightly above those for configuration 
I in this lift-coefficient range. An extrapolation of these curves by 
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the relationship' . 

II % -= 
D %min + E wD/CL'~ CL21 

(where the average experimental vaiues of &D/CL2 for each configura- 
tion were used) indicates that at a lift coefficient of about 0.23 for 
configurations I and II and 0.19 for configuration III, the lift-drag 

m ratios for all three configurations are essentially the same (approxi- 
mtely 3.2); above these lift coefficients, the lift-drag ratios for 
configuration I are larger than those for configuration II, which in 
turn are greater than those for configuration III. This reversal in the 
relative values of lift-drag ratio with increasing lift coefficient is 
the result of the inverse relationship between the experimental values 
Of CD min 

and &D/CL2 for the three-configurations. (See table II.) 
From the curves of figure 10, it is concluded that, at the low values of 
lift coefficient at which the test vehicle is required to operate and for ' 
a given gross weight and altitude, the triangular-wing configuration 
(III) would exhibit the best aerodynamic performance characteristics frcm 
a flight endurance standpoint. 

Configuration IV 

Force and moment characteristics in pitch.- The results for the 
ram-jet engine tested alone (figs. ll(a) and X?(a)) show that with an 
increase in the Mach number from 2.0 to 2.9 both the lift-curve 61-e 
and the stability are increased. (See table II.) These effects of Mach 
number are in qualitative agreement with the theoretical and experimen- 
tal results for open-nose btiies of revolution with the normal shock 
wave inside the duct (reference 9). For the present tests, however, a 
conical shock diffuser was used, ti also a different inlet shockrave 
configuration existed at each of the test Mach numbers as shown by the 
schlieren photographs of figures 14 and 15. It is noted that at a Mach 
number of 2.0.a normal shook wave 4s present just ahead of the inlet lip; 
whereas at a Mach number of 2.9 this shock wave is apparently inside the 
duct and an oblique shock wave occurs at the cone break and at the inlet 
lip. This difference rs3y account for sane of the reduction in drag coef- 
ficient with Mach number, as the external drag would be expected to be 
less and the shock+ave diffuser would be more efficient (less internal 
drag) with the normal shock wave just inside the duct entrance. 

The results for the engine, strut, and body combination (figs. 11(b) 
and 12(b)) show an effect of Mach number similar to that for the engine 
alone. That is, with increasing Mach number, the lift-curve slope and 
stability increase and the minimum drag coefficient decreases. The lift- 
curve slope of the body, as indicated by the difference between the lift- 
curve slope of the combination and of the engine is the same for the two 

. . 

--- ’ 
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test Mach numbers, as would be expected. (See table II.) This value is 
also in close agreement with the theoretical lift--cur- slope of the b&y 
alone, calculated (311 the basis of a cylindrical afterbody to account 
roughly for the actual flow conditions at the rear of the body, The sim- 
ilarity between these experimental and theoretical results indicates that 
the body lift-curve slope is affected very little by the presence of the 
engine at the rear. However, it is noted that a small negative lift 
coefficient exists at zero angle of attack at both mch numbers and appar- 
ently arises from some mutual interaction between the pressure fields on 
the engine and body. A comparison of the pitching-moment curves for the 
engine (figs. 
(figs. 

ll(a) and 12(a)) with those for the engine, body, and strut 
n(b) Amy 12(b)), show the expected forward shift of the center of 

pressure at both Mach numbers.due to the addition of the body to the 
engine. The rise in the minimum drag coefficient due to the addition of 
the body and strut is noted to be less at a $fach number of 2.9 than at 
2.0. 

The results for the complete configuration (figs. 11(c) and 12(c)) 
show that at a Mach number of 2.0 the lift and moment curves are essen- 
tially linear; whereas at a Mach number of 2.9 both the lift- and moment- 
curve slopes vary somewhat with angle ofattack. The variation of moment 
coefficient with lift coefficient forthe latter case indicates that the I 
longitudinal stability -dC,/dCI, is reduced with increasing positive or 
negative lift coefficients. A comparison of these results with the the* 
retical characteristics shows that at both Mach numbers the experimental . 
lift-curve slope dCI/do and the average stability -dCm/dCL are some 
what less than the corresponding theoretical values (table II). It is 
also noted that relatively large values of lift.and moment coefficient 
exist at zero angle of attack. These slqe differences and zero-angle 
values are believed $0 be -due primarily to interference effects of-the 
engine, particularlythose from the inlet shock wave, on the wing-body 
pressure field. Fart-of the moment coefficient at zero angle of attack 
is due to the engine drag. The large pressure rise across the shock 
wave tends to reduce the lift on the upper surface of the wing, which 
results in a negative change in lift coefficient. This region of 
reduced lift .occurs behind the moment reference point, producing a posi- 
tive pitching+uoment coefficient. It is :also possible that the lift- 
and moment-curve slopes are reduced due to this effect, as the intensity 
of the shock wave may increase with increases in angle of attack. A corn- 
psrison of the results for a I%ELch number of 2.0 with those for 2.9 indi- 
cates that the shockrave wing interference effect on the lift charac- 
tenistics decreases with increasing Mach numbers as would be expected, 
since the detached engine shock wave at a Mach number of 2.0 appears to 
be stronger than the attached shock wave.at 2.9. In addition, a larger 
portion of the wing is influenced by the shock wave at M = 2.0 than at 
2.9. This shock-wave effect is further indicated by a comparison of the i 

lift curve at a &Bch number of 2.0 with the corresponding results for 
configuration III (fig. .9(c)). It is seen that configuration III, for I 
which the inlet shock wave passes entirely ahead of the wing, exhibits 
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a considerably greater lift-curve slope and a smaller angle of zero lift 
thanconfigurationIV. 

A comparison of the drag-coefficient curves (figs. l-l(c) and 12(c)) 
indicates that the minimum drag coefficient decreases with increasing 
Mach number, as would be expected from the relative drag characteristics 
of the configuration components. As indicated previously, a part of this 
drag decrease probably results fra a reduction in the engine internal 
drag with increasing Mach riwnber. From the decrease in drag coefficient, 
coupled with the corresponding increase in lift-curve slope with increas- 
ing Mach number, greater values for the lift-drag ratio would be expected 
at a Mach nuufoer of 2.9 than at 2.0. The lift-drag ratio curves of 
figure 13 show that such is the case over the test lift-coefficient 
range. A comparison of the lift-drag results at a Mach number of 2.0 
with those for configuration III (fig. 10) indicates that the lift-drag 
ratios of configuration IV are slightly less (about 7 percent) than those 
for configuration III at a given lift coefficient. This small adverse 
effect of the relocation of the ram-jet engine from the front to the rear 
of the test vehicle arises from the smaller lift-curve slope and larger 
minimum drag coefficient of configuration IV as compared to those for 
configuration III. 

The effects of longitudinal-control deflection at a Mach number of 
2.9 are shoun in figure 12(c). These results show that the increment in 
both lift and moment coefficients due to control deflectim is substan- 
tially constant over the test angle--of-attack range, indicating a rela- 
tively constant-control effectiveness for small deflections over the lift- 
coefficient range. 

Force and moment characteristics in sidesliD.- The results for 
configuration IV in sideslip at.8 Mxh number of 2.0 (fig. 16) BhCW that 
the variations of both side-farce and yawing-mament coefficients with 
angle of sideslip are essentially linear. The slope of the yaving- 
moment curve dC,/dS indicates that this configuration possesses posf- 
tive directional stability. The rolling-momentioefficient curve shows 
that the dihedral effect -dC,/da is slightly adverse throughout the 
angle-of-sideslip range despite the relatively large wing dihedral (15O). 
It is noted that this effect is a -imum near zero sideslip angle, 
decreasing in magnitude with increasing positive or negative angles. 
Elimination of the adverse dihedral effect vould entail S&E modifica- 
tion of the configuration such as the provision of additio~lwing dihe- 
dral or the redistribution of the vertical surface area such that the 
lateral center of pressure would be located above the vertical center- 
of-gravity position. 

pressure survey of body flow field.- The experimental results at 
zero angle of attack, indicated in figure 17, are in reasonable agree- 
ment with the theoretical results. It is noted that the effect of an 
angle,of attack of 5O is a general reduction of the pressure level in 
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the flow field above the body, as would be expected. The magnitude of 
this effect is such that the static pressures in the vicinity of the 
engine inlet differ from the free-stream pressure by a maximum of only 
about 2.5 percent of free-&ream dynamic pressure, vhich is only slightly 
greater than the maximum value for zero angle of attack. On the basis of 
these pressure-survey results, the deviations of the flow conditions at 
the r-jet-engine inlet from free--stream conditions are considered rela- 
tively smsll. 

The results of supersonic wind-tunnel tests of four configurations 
of a supersonic r-jet test vehicle at a Mach number of 2.0 showed that, 
for three low-aspect-ratio wing configurations with the ram-jet engine 
located forward, the aerodynamic performance characteristics, as indi- 
cated by the lift-drag ratio corresponding to flight at a given gross 
weight and altitude, of a triangular--wing configuration with a central 
body vere superior to those of a swept-back wing or a rectangular wing 
with wing-tip bodies. Satisfactory static-longitudInal+tability charac- 
teristics vere exhibited by all of these configurations. 

The test results at Mach numbers of 2.0 and 2.9 for a fourth config- 
uration, a triangularring centralaody configuration with the r-jet 
engine at the rear, indicated some loss in liftdrag ratio due to the 
interference effects between the engine and wing flow fields. The static- 
longft~ina1-stability characteristics at both Mach numbers vere found to 
be satisfactory, and the static-lateral characteristics at a Mach number 
of 2.0 vere favorable in all respects except for a small negative dihe- 
dral effect. 

Statfc-pressure surveys conducted in the flow field of the test 
vehicle body at two angles of attack and at Mach numbers of 2.0 and 2.9 . 
indicated that the deviations of the flow conditions at the r-jet- 
engine inlet from those in the free stream are relatively small. 

Ames Aeronautical Laboratory, 
National'Advisory Committee for Aeronautics, 

Moffett Field, Calif. 

. 
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TABLE I. -MCXDEZDIMEmSIOIKi 

NACA RM ~50~20 

3 

Quantity Configuration 
I II III IV 

Total wing area, square inches 11.52 11.56 13.83 13.83 

Aspect ratio 2.0 1.0 1.30 1.3c 

Taper ratio 1.0 1.0 0 0 

Leading-edge sweepback 0' 72' 72' 72O 

Wing dihedral o" o" o" 150 

Wing-section-thickness ratio 
(in stream direction) 0.050 0.050 o-033 0.03 

Wing span, inches 4.80 3.40 4.24 4.24 

Mean-aerodynamic-chord length, 
inches 2.40 3.40 4.35 4.35 

Total eleven area, square inches - - 2.30 2.30 

Total horizontal-tail area, 
square inches 4.32 4.32 - - 

Total vertical-tail area,' 
square inches 4.32 4.32 5.21 4.94 

!4aximum body diameter, inches 0.64 0.64 0.80 0.80 

Vertical distance above the 
body center line to the 
estimated center of gravity, 
inches -0.36 -0.28 -0.20 0.26 

- 

I 

I 

1 

L 

lExclusive of the engine supporting strut. 

Note : Areas are measured to the body center l&nes and are based 
on zero dihedral. 
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TABLE II.-- OF.RlZSULTS 
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Moment reference point 
10.25 5, vefticoi c.g /ucufhn..j 

(d) Thfee-vikw tifawing. 

Figufe i. - Con&deed. 
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(a) Side qlew. 

- 

(b) Plan view. 
. A-12876.1 

-s-7 
A- 12878.1 

(c) Three-quarter view. 

Figure 2.-- Configuration II. 
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A-L2879.1 
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Figure 2. - Concluded. 
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(a) Stie view. -s=- 
A-12864.1 

c. 
_.- 

-..- - - 

(b) Plan view. - 
A-12862.1 

(c) Three-quarter view. - 
A- 12865 

Figure 3*- configm-atim III. 
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(0 25 5, verfibd c.g. /ocufion.j 

(a’) Thfee - view druwing. 

A/I dimensions 
in hches 

Figure 3. - Conchded. 
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(a) Side view. 

(b) Plan view. 

_.I ~._ -- ,. 1.1 

.- . _.. -“_ -..-.1_- ..-.- .-. -_ _. . ..- --.- -___ --I^_--. 

(c) Three-quarter view. 

--is7 
A-13237.1 

-537 
A-13235.1 

- 
A-13238.1 

Figure 4.- Comfiguratim Iv. 
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(d) Three - view drawing. 

Figure 4. - Concluded. 
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Figure 6. - Phys/cd charocferrsf&3 of rum - /et test - 
enghe model. 
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(a) Canfiguratian IV mounted for pitch teats. 

(b) Configuration IV mounted for sideslip tests. 

Figure 7.- Model insiiallatiorm in wind kmnel. 
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-2 0 2 4 6 
Angie of uffuck, U, deg 
(0) con f~gurufhn I. 

figwe 9 . - Vurhtfon of //ff, p~fchlng -momeN, und drug 
coefficienf wifh cJng/e of atfuck. M = 2.0. 
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-2 0 2 4 6 
Angie of uf fuck, CI, deg 
(6/ Conf/gufufion R. 

f/pure 9 . - Continued. . 



NACA RM A5M20 

. 

1 
0 El 3.7x/oc 
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-----Linear fheofy H-t 

-2 0 2 4 6 
Angie of &tuck, U, deg 
(c/ configufufion m. 

Figure 9. - Conchded. 
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Lift coef f icienf, CL 

. 

Figuf e IO. - vufhfion of Iiff - drag rut/o with //ft 
CO8f f/ch f . A4 = 2.0. 
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-2 0 2 4 6 
Angie of of fuck,a, deg 

(0) Engine . 

Figure // .- Vufiufion of lift, pifchhg moment, and dfag 

coeffikienf dfh angle of uttuck, configufufion J3T. M =2.0, 
R= 3.5x/06. 
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-2 0 2 4 6 
Angie of attuck, u , deg 

(c) Complete configufufion . 
F/pure 11. - Concludea! 
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-2 0 2 4 6 
Angie of uffuck,a,*deg 

(u) Engine l 

Angle of of fuck, u, deg 
/b/ Engine, sfruf, und body. 

Figure 12. - Vufhfion of fiff, p/fch/ng moment, und dfug 
coefficienf with ungle of of tuck, conflgufufion RT. M = 2.9, 

R= 5.3x 106. 
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-2 0 ‘2 4 
Angie of of fad, a, deg 

(c) Comp/efe con figuf ution. 
Ffgufe 12. - Conchided. 
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Figure 13 .- vufmion of liff - drag rufio wlfh /iff 
coef ficienf , con figurdon zr. 
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- 
A-13704.1 

(b) a = 6.2’. 
=-is7 
A-13705.1 

- 

Figure 14.- Schlieren photographs of .rasjet-engine inlet. M = 2.0. 
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Figure 15.- SchlJeren photographs of ran+jet-engine inlet . 
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(a) a = O". - 
A-13905.1 

(b) a = 5.3O. 
v 
A-13906.1 

M = 2.9. 
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-2 0 2 4 
Angie of sides/t& fl, deg 

6 

Figwe 16.- Vuriufion of side -force, yuwhg momenf, ro/hhg 
moment, and drug coefficienfs wifh ong/e of sMes/+p, 
conf~gurofion zr. M= 2.0, R= 3.5x@, a=ti 
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Figure / 7 . - Pressure dis fribu fion over body. 
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Figure I?. - Concho’ed. 
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